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(54) Atomically sharp edged cutting blades and methods for making same 



(57) An atomically sharpened cutting edge for a cut- 
ting instrument is described. Focused ion beam (FIB) 
milling provides the atomically sharp cutting edge. In 
one embodiment, a cutting edge blank is provided and 
milled by FIB to fonm an atomically sharp edge. In 



another embodiment, a metal cutting edge blank is pro- 
vided, a layer of a harder material is provided on at least 
one side of the blank and it is milled by FIB to form an 
atomically sharp edge. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to devices hav- 
ing extremely sharp cutting edges, which are particu- 
lariy useful for surgical instruments, and methods of 
making said devices. Indeed, the invention relates to a 
process for forming an atomically sharp cutting edge in 
a material using single or dual focused Ion beam milling 
and the devices produced thereby The invention is par- 
ticularly useful in the manufacture of surgical cutting 
instruments, yet can be used to provide almost any cut- 
ting edge where increased sharpness of the cutting 
edge is desirable. 

BACKGROUND OF THE INVENTION 

[0002] Modern medical procedures require cutting 
instruments of exceptional sharpness and wear resist- 
ance and which, moreover, exhibit minimal tissue resis- 
tive forces. In delicate microsurgery and especially 
ophthalmologic surgery, cutting edges must be 
extremely sharp and must maintain that sharpness 
throughout the operation. However, even presently 
available acutely sharpened blades can exhibit substan- 
tial resistive forces, making it difficult to move through 
tissue without producing a "ragged" cut Moreover, stud- 
ies have shown that blade degradation can lead to tis- 
sue damage, post-operative complications, and slower 
healing. 

[0003] A critical element of a surgical blade is the 
cutting edge. Chips, nicks or breaks in the integrity of 
the edge, residual burrs, and/or rolled or distorted cut- 
ting edges of the blade can render the blade useless or, 
even worse, can injure the patient. 
[0004] Sharp-edged cutting instruments typically 
me: ppoduced frorrrm^ls such as stainless steel, Car- 
borundum, or other relatively hard materials, such as 
silcon carbkJe, siBcon, glass, sapphires, rubies or dia- 
monds. Glass, silbon and stainless steel are relatively 
cheap and therefore disposable, while diamonds, rubies 
and sapphires are relatively expensive and, of neces- 
sity, typically require reuse as a matter of economics. 
Each of these materials can be ground, stamped, 
etched, lapped or honed by a myriad of means to pro- 
vide a cutting edge. For example, metal can be ground, 
stamped and/or etched to produce cutting blades with 
extremely fine cutting edges. However, the thinner the 
cutting edge of the metal becomes, the narrower 
becomes the bevel angle(s) that fomris that cutting 
edge. As a result, thinner-edge metal cutting blades 
exhibit greater fragifity than relatively thicker edged 
blades. This fragility manifests by significant wear, i.e., 
chips, rtidcs^ breaks, rBsiduaL buns,, ancbfc^ ss 
torted ctming edgesL ttoreoiiei^ raetai ending Mades 
can dull significantly even during a single use. 
[0005] Many of those skilled in the art have consid- 



ered a diamond blade as the accepted standard for 
sharpness. However, diamond blades are very expen- 
sive, extremely delicate, and still require resharpening 
on a regular basis. Thus, those skilled in the art have 
5 sought, by a variety of means, more economical means 
of fashioning cutting devices with diamond-Oke sharp- 
ness. Some of the more recent attempts to provide hard 
sharp cutting edges are discussed below. 
[0006] Henderson (US 4,534,827) discloses a cut- 
10 ting instrument fabricated by etching and chemteaily 
polishing a single crystal of aluminum oxide material, 
e.g., rubies or sapphires, to form an edge having a max- 
imum radius of curvature of about 100 Angstroms (A). 
However, the disclosed materials are brittle and, moreo- 
15 ver, the cutting blades formed by the lattice of the mate- 
rial exhibit a natural bevel incline. 
[0007] Mirtich et al. (US 4,490,229) discloses a 
method for making diamond like carbon films on a sub- 
strate, the surface of the substrate is exposed to an 
2o argon ion beam that contains hydrocarbon. At the same 
time, a second argon ion beam (without hydrocarbon) 
having greater ion energy is directed toward the surface, 
whfch increases mobility of the condensing atoms and 
removes lesser bound atoms. 
? [0008] Bache et al. (US 4.933,058) discloses a 
method for coating a cutting substrate with a harder 
material by chemical vapor deposition or sputtering, 
while simultaneously subjecting the cutting edge to ion 
bombardment Ion bombardment causes preferred dep- 
ositional orientation of tho harder material and, moreo- 
ver, causes sputter removal of the deposited material, 
which produces a coating with a particular cross-sec- 
tional shape and ultimate tip radius. 
[0009] Kokai (Japanese PN 61-210179) discloses 
the application of coatings of amorphous cartDon (silicon 
cartDide) by plasma-induced vapor-phase deposition in 
a gaseous mutuca of bydrogea and. bydrogea com- 
^'paaaas.{€s;g^ nra»iane)!la pitidtio&atrimfti^ed^en^^ 
K thickness betweerr t rtrrr and 20nrn: 
[0010] Hoshino (US 4,832,979) describes a proc- 
ess for preparing a laser knife wherein the surface of a 
probe portion of the knife is coated with a cartDon coat- 
ing of 1 to 50 ^ thick, on which is coated a 1 to SO fim 
thick protective coating of sapphire, ruby or quartz 
glass. 

[0011] Kitamura et al. (US 4,839,196) discloses 
fomiing a microtome by coating a base blade substrate, 
for example, sapphire, with an approximately 5 to 50 nm 
thick layer of diamond by plasma-induced chemical 
vapor-phase deposition and subsequent heat treatment 
at 700 - 1300*»C to expel adsQrt:)ed impurities in the dia- . 
mond layer. Kitamaru et al. (US 4,980,021) further dis- 
closes etching the surface ol the carbonaceous coating 

on the surface of the biade to provide beneficial surface : 
roughness^ 

[0012] Bache et al. (US 5.032,243) describes ar 
method of forming or modifying cutting edges of razor 
blades by subjecting a stack of stainless steel razor 
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blades to ion bombardment from two ion sources 
located on opposite sides of a plane that lies within the 
stack and that is parallel to the major surfaces of the 
blades. A mechanically sharpened cutting edge Is bom- 
barded with ions from the two sources to build up a new 5 
edge, after which an electron beam evaporator is oper- 
ated to vaporize the desired coating material or compo- 
nent thereof where the coating is a compound, and 
operation of the ion sources is continued. After deposi- 
tion is commenced the sputter removal rate due to the w 
ion sources should be less than the deposition rate and 
the ion sources are operated to ensure the deposition. 
[0013] Hahn (US 5,048.191} describes a process 
for forming a razor blade by providing a ceramic sub- 
strate, mechanically abrading an edge of the substrate is 
to fomn a sharp edge with facets that have an included 
angle of less than 30 degrees, thermally processing the 
mechanically abraded edge to reduce surface ragged- 
ness and subsurface defects, and sputter-sharpening 
the sharpened edge to provide supplemental facets 20 
having an included angle of more than 40 degrees to 
define a tip radius of less than 500 A. 
[001 4J Kramer (US 5, 1 2 1 ,660) describes a process 
for fomning a razor blade that includes providing a poiy- 
crystalline ceramic substrate having a grain size less 25 
than 2 pm, mechanically abrading an edge of the sub- 
strate to form a sharpened edge having an included 
angle less than 20 degrees, and sputter-etching the 
sharpened edge to reduce the tip radius to less than 
300 A, forming thereby a cutting edge. 30 
[0015] deJuan, Jr. et ai. (US 5,31 7,938) describe a 
method for making a mbrosurgical cutter from a flat pla- 
nar substrate. A photoresist mask layer is fbmied on the 
top surface of the substrate in a pattern of the microsur- 
gical instrument and the top surface of the substrate is 35 
etched isotropically through to the bottom surface to 
form a cutting edge portion, vnth the cutting edge por- 
tion having a oonffguratfon: corresponding tor the ec^e' 
portion of the mask layer. Semiconductor materials 
such as silbon, sificon carbide, sapphire and diamond 40 
can be used for the substrate. 

[0016] Knudsen et al. (US 5,724,868) describe a 
method for making a knife with improved cutting per- 
formance. A steel knife blade blank is coated with TIN, 
Ti(CN) or (TIAON by a cathodic arc process using linear 45 
deposition sources with simultaneous heating and rota- 
tion of the blade blank relative to the deposition sources. 
The blade edge of the blank can be sharpened or 
unsharpened prior to the deposition of the coating, if the 
blank is unsharpened prior to deposition, it is thereafter so 
sharpened, preferably on one side only, by conventional 
procedures using abrasive grinding and a final strop- 
ping of the blade. 

[0017] Decker et al. (US 5,799,549) describe 
improved razor blades andprocesses formakfng sharp 55 
and durable cutting edges by hard carbon coating the 
sharpened edge of the blade substrates with amor- 
phous diamond. The substrate can be mechanically 



honed and there is no interlayer between the substrate 
and the diamond coating. The coating imparts stiffness 
and rigidity to a thin blade while maintaining a high 
aspect ratio. 

[0018] Marcus et al. (US 5,842,387) disclose knife 
blades having "ultra-sharp" cutting edges, which are 
fabricated from wafers of monocrystalline siltoon. First, 
the wafer is covered with an etchant masking layer over 
an elongated ridge. Then the wafer is etched to under- 
cut the mask and to shape ridge sidewalls converging 
toward the ridge tip. A sharp ridge apex is provided 
using an oxide forming^oxide stripping process. Blades 
having excellent sharpness are obtained, however, the 
oxide forming/oxide stripping cycles of the process are 
time consuming. Further, the extremely sharp blade 
edges are relatively fragile and, in many appfications, it 
is preferable to dull the edges and further strengthen the 
edges by the addition of one or more protective layers 
by, e.g., RF sputtering. In addition, blades exhibiting 
double bevels are difficult and expensive to febricate 
with this teaching. 

[0019] Consequentiy there continues to be a need 
for sharper and more durable edge on cutting instru- 
ments, especially for precision surgery. Indeed, there 
remains an unresolved need in the industry for an eco- 
nomk^al cutting Instrument that provides an atomtoally 
sharp cutting edge and blade tip. 
[0020] In this setting it would be desirable to pro- 
duce limited reuse or disposable, single- or double-bev- 
eled cutting instruments, which exhibit exceptional 
sharpness, excellent wear resistance, and minimal 
blade resistive forces, and a method of manufacturing 
the reusable or disposable instrument for use in micro- 
surgical procedures. Furthermore, it would be desirable 
to provide an instrument with a continuous cutting edge. 
Moreover, it would be desirable to manufacture such a 
cutting instnmient from mateciak. thaL is kuocompaHbte: 
for use Of sur^cakk^nan^ii^ l^would^ateo be d^ir^r.- 
bte to provide such an: instrument and a method of mak- 
ing the instrument economrcally. 

SUMMARY OF THE INVENTION 

[0021] The present invention provides a blade hav- 
ing an atomically sharp cutting edge made of a hard . 
durable material. The present invention uses focused . 
ion beam (FIB) milling technology to "atomically mill" an . 
atomrcally sharp edge to the blade of a cutting instru- 
ment, i.e., the edge is sharp on a sub-micron scale and . 
can have a radius of curvature on the order of about 1 A 
to about 300A. 

[0022] FIB technology has been developed to "kin 
mill" or "etch" highly precise integrated ctncuit patterns 
into semk:onductQr materials. FIB conditions and tech* 
niques/ have been (tescrft>ed . in US .5^482,802, US 

5,658,470, US 5.690,784, US 5,744,400, US 5,840,859, 
US 5,852,297 and US 5,945,677, the disclosures of 
which are hereby incorporated by reference. 
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[0023] In one embodiment of the invention, an 
atomically sharp cutting blade for a cutting instrument 
comprises a cutting edge blank made of a metal mate- 
rial, said blank having a major surface and a tapered 
edge at one end of the major surface, a layer of a sec- 5 
ond material deposited on a portion of said major sur- 
face on at least one skJe of cutting edge blank at said 
tapered edge, said second material being harder than 
the metal, wherein the layer is milled at an acute angle 
to a plane parallel to said major surface by a focused ion 7© 
beam that provides saki blank with a continuous, atom- 
ically sharp cutting edge. 

[0024] In another embodiment, an atomically sharp 
cutting blade for a cutting instrument comprises a blade 
blank having a major surface and an edge at one end 15 
thereof, wherein the edge is milled at an acute angle to 
a plane parallel to said major surface by a focused ion 
beam to provide said blank with a continuous, atomi- 
cally sharp cutting edge. Preferably, the blade blank is 
made from a wafer comprising a material selected from 20 
a group consisting of silicon, ceramic, glass, AI2O3, 
AITIN. TiN. SiC, SIN, MoSg, amorphous carbon, dia- 
mond-like carbon, zircon and like materials. 
[0025] The invention also provides a method for 
making an atomically sharp cutting edge for a cutting 2s 
Instrument. One method connprises providing a blank 
made of a metal material and having a major surface 
and a tapered edge at one end of the major surface; 
depositing on a portion of the major surface at the 
tapered edge a continuous layer of a second material 30 
that is harder than the metal; and milling the layer of the 
second material with a focussed ion beam to form an 
atomically sharp cutting edge. 

[0026] Another method for producing an atomically 
sharp cutting edge for a cutting instrument comprises 35 
the steps of providing a wafer of a material suitable for 
1brmiiig.acutting ecjgK cutting. the wafer to produce at 
least one ttede blanfe^hawng-a triangular shaped cross 
section, sard blade blank having a plurality of edges; 
positioning the blade blank in a vacuum chamber; 4o 
exhausting the vacuum chamber to a desired pressure; 
and milling an edge of the blade blank with a focused 
ion beam to provide an atomically sharp cutting edge on 
the blade blank. 

[0027] Devices in accord with the present invention 4s 
can have a single beveled cutting edge or a double bev- 
eled cutting edge. 

[0028] Other aspects and ennbodiments of the 
invention are discussed below. Additional objects and 
advantages of the present invention will be apparent so 
from the drEnvings and descriptions that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029]. Forager undastancfir^ at the nafture^arK^ » 
desired objects of the present rnventian; reference is • 
made to the following detailed description taken in con- 
junction with the accompanying drawing figures wherein 



like reference character denote corresponding parts 
throughout the several views and wherein: 

FIG. 1 is a diagrammatic view of the cutting edge of 
a blank for a cutting blade after a coating has been 
deposited but before focused ion milling of a new 
cutting edge, in accord with one embodiment of the 
preserrt invention. 

FIG. 2 Is a diagrammatto view of the cutting edge of 
a blank for a cutting blade that has been coated and 
focused ion milled to fomri a new cutting edge, in 
accon:i with one embodiment of the present inven- 
tion. 

FIG. 3A is an embodiment of a wafer dtoing process 
for producing rough blanks. 

FIG. 3B shows an embodiment of blank diagramat- 
ically subjected to focused ion beam milling, 
wherein the atomically polished side of the blank 
does not form part of the cutting edge. 

FIG. 3C shows an alternate embodiment of a blank 
diagramatfcally subjected to focused ion beam mill- 
ing, wherein the atomically polished side of the 
blank fomis part of the cutting edge. 

FIG. 4A is a digital microphotograph illustrating a 
conventionally sharpened edge having a typical 
mk:roscopic edge defect. 

FIGs. 4B-4E are digital mfcrophotographs illustrat- 
ing conventionally sharpened edges having micro- 
scopic rollover at the edge and/or microscopic 
debris. 

cutting: edge b^ks' us^l for preparirig s^ atornH 
cally sharp cutting edge in accord with the present 
invention. 

FIG. 5B is a cross sectional view taken at 5B-5B in 
FIG. 5A. 

FIG. 6 is a digital mk:rophotograph illustrating a 
conventionally sharpened edge wherein a portion 
thereof was further sharpened by focused ion beam 
milling in accord with the present invention, thereby 
showing the dramatic results of focus ion beam mill- 
ing for an aliomk:ally sharp cutting edge. 

FIG. 7 iUustrates a sharpened cutting edge blank In 
accord with the preserrt inventkm attachedto asub- 
strafeK.. 
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DETAILED DESCRIPTION OF THE INVENTION 
INCLUDING PREFERRED EMBODIMENTS 

[0030] Atomically sharp cutting blades In accord 
with the present Invention include a cutting edge portion 5 
comprised of a hard material having a sharpened edge 
formed by focused ion beam (FIB) milling of the sharp- 
ened edge. Suitable hard materials for the practice of 
the present invention Si, AI2O3, TiN, AITIN, SIC, SiN, 
molybdenum disulfide (M0S2), amorphous carbon, dia- 10 
mond-Iike carbon, zircon, and similar materials that are 
removable by a focused ion beam. The edge portion of 
hard material can be supported on a substrate, typically 
of a softer, more robust material. Altematively, the hard 
material can be formed into a wafer on which a sharp- is 
ened edge is formed by a focused ion beam. 
[0031] In a one embodiment of the present inven- 
tion (FIG. 1), a metal cutting edge blank 5 is formed by 
any method, e.g., powered cast metallurgy, forging, 
. coining, electric discharge machining, micro-machining, 20 
photo-etching, or the like. The blank 5, preferably, is 
fomied with at least one tapered cutting edge 7. Thus, 
the cutting edge 7 is substantially less thick than the rest 
of the blank 5. The blank 5 is made of any thickness 
suitable for the cutting tool or surgical instrument 1 0 that 2s 
is desired. 

[0032] The formed cutting edge blank 5 is cleaned 
and a coating 6 of a material that is substantially harder 
than the material of the blank 5 is applied thereto, for 
example, by chemical vapor deposition, sputtering or 30 
ion-assisted deposition. These processes, wh'ch are 
well known to those of ordinary skill in the art, typically 
utilize high vacuums in which the vacuum pressure is 
less than 10 ^ Jorr, e.g., 10"^, 10 ^ etc. The hard mate- 
rial coating 6 can be formed in the presence of suitable 35 
gaseous elements applied by the vacuum deposition 
process. Indeed,. it also is known ta those. stuUed in the 
art that the presence of certairr gasses; as^sts In the 
adhesion of the coating 6 to the blank 5. Suitable hard: 
materials for the deposited coating 6 are Si, AI2O3, 40 
ALTiN, TiN, SiC, SiN, M0S2, amorphous carbon, dia- 
mond-like carbon, zircon, and similar such materials. 
[0033] The coating 6 is applied so that a substantial 
layer of the harder material continuously covers at least 
one side of the cutting edge 7 of the blank 5. Preferably, 45 
the coating 6 forms a continuous layer at the cutting 
edge 7. Coatings 6 as thick as 30,000 A have been 
applied; but. usually, it is more economical to apply a 
coating that is on the order of about 500 A or less. 
Indeed, in the preferred embodiment, the thkrfcness for so 
the coating 6 after focused ion milling is from about 1 00 
A to about 500 A, more preferably at least about 200 A. 
[0034] In an applKration in which a coating 6 is 
desired on only one side, Le., forthe cutting edge Tdt a. 
smgle-betfeled cutting instrument TO,, the coating proc^ ss 
ess typkadly deposits excess coating material 6 on the 
base surface 1 1 , which must be removed. Indeed, it is 
desirable to process the portion of the blade that was 



not Intended to be coated (i.e., the base surface 11), 
e.g., by non-focused ion milling or ion etching, to 
remove the undesirsd^le excess hard material 6. There- 
after, the blank 5 is sharpened by focused ion beam 
(FIB) milling to create a new sharpened edge 9 having 
an atomically sharp edge. For double-beveled cutting 
instruments, on which tioth sides of the blank are 
tapered and coated with a hanjer material, each coated 
side of the blank is milled by a focused ion beam to cre- 
ate a new sharpened end having an atomrcally sharp 
double-beveled edge. 

[0035] The focused ion beam removes portions of 
the coating 6 from the edge 7 and reestablishes a new, 
"atomically sharp" cutting edge 9 (FIG. 2) that is dis- 
placed by the remaining, i.e., non-milled, thtekness of 
the coating 6 from the original cutting edge 7 of the 
blank 5. U.S. Patent Number 5,945,677, which is incor- 
porated herein by reference, describes a process for 
providing a focussed ion beam (FIB) that can be used 
for nanolithography. Such a FIB can be focussed at an 
angle on the cutting edge of the coated blank 5 for 
removing hard material 6 to form a new atomically sharp 
cutting edge 9. 

[0036] Focused ion beam milling, as described 
above, is performed with specialized equipment manu- 
fectured by Micrion Division of FEI or the like. The 
focused ion beam 40, which forms the working energy 
source, preferably is derived from an electrically excited 
liquid gallium source 45; however, other ion sources 45 
that are known to those skilled in the art can be used 
without deviating from the teachings of this invention. 
The source 45 emits a beam of gallium ions 40 that are 
focused to a desired diameter. The focused beam 40 is 
spatially limited, preferably, to about 5 nm in diameter. 
Larger focused beam diameters, e.g., 10 nm, however, 
also can be used with satisfactory results. The lever of 
energy tifiat Is requiredta mUk a sharp cutting edge 9iQn: 
a Made bfanfi 5^ rar^es from atKKir aa pA fdr^arS: rinr/ 
diameter beam to about 100 pA for a 10; nm diameter > 
t>eam. As in any milling process, the object of this 
processing step is to remove (1) some or all specific 
areas of the harder coating 6 along the desired cutting 
edge 9 and (2) in the plane of the base surface 11, or, 
for double-beveled cutting edges, removing the hard 
coating along the desired cutting edges. 
[0037] The focused ion beam 40 cuts like an atomic 
milling machine, allowing stress-free, in-situ sectioning 
to form an atomically-milied cutting edge 9. 
[0038] The focused ion beam 40 is directed at the 
coating 6 on the blank 5 at an angle within a f^ 
degrees of the desired final angle of the sharpened cut- 
ting edge 9. lypkrally, the beam 40 is directed toward 
the cutting edge 9 of the blank 5 at an angle of about 
five (5) degrees greater than the reference to a plane 
parsiiel tD the nYayorsurteeof the blank cutting edge 9. 
The processes of the preserrt invention provide a cutting 
edge 9 having a high quality of the surface finish and the 
repeatability of the dimensional tolerance of the formed 
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product It is preferred that the dimensional tolerance Is 
accurate to at least ± 0.3 microns, or less. Moreover, a 
radius of curvature of the cutting edge of less than about 
300 A can be provided, preferably less than about 100 
A, more preferably less than about 10 A. Furthermore, 5 
by making the cutting edge in accord with the present 
invention, microscopic debris is avoided at the cutting 
edge. 

[0039] The cutting edge blank 5 having the new 
atomically sharpened edge Is finally joined to a support 10 
substrate (FIG. 7), whfch can be, e.g., metal or plastic, 
whteh takes practically any shape orfomi and provides 
stmctural support, strength, and shatter resistance to 
the resulting cutting edge 9. as illustrated in FIG. 7. a 
double-beveled, atomk^ly sharpened blank is mounted 15 
to substrate 26 by means of adhesive (not shown). The 
substrate can be made of any suitable material such as 
a metal or a plastic. 

[0040] In a second embodiment, cutting edge 
blanks 60 are made from a wafer-like sheet 66 of metal- 20 
V\c silicon, ceramic, glass, AI2O3, ALTiN, TIN, SiC, SIN, 
M0S2, amorphous carbon, diamond-like carbon, zircon, 
and similar such hard material, cutting edge blanks hav- 
ing a variety of shapes can be fashioned from a sheet 
66, by mk^ro-machinmg, non-focused ion beam milling, 25 
or etching (FIGS. 5a and 5b), which processes are well 
known to those of ordinary skill in the art. In this embod- 
iment, a plurality of blanks 60 is first rough formed by the 
said processes. The cutting edge blanks 60 are chemi- 
cally etched to provide a cutting edge 63 and are rough 30 
sawn to provide a back edge. Then, the cutting edge 63 
is sharpened by milling with a focused ion beam, as 
described above, as necessary on one or two sides, to 
provide the desired atomteally sharp cutting edge. This 
embodiment can provide sharpened cutting edges rela- 35 
tively quickly. The blanks with FIB milled sharpened 
edges can be mountel^oR supports (e.g., see FIG 7) to 
provtdecutting instruments: 

[0041] Rectangular blanks 61, which are made by 
micro-machining, etching or non-focused beam milling, 40 
are the preferred shape; however, e.g., circular, ellipti- 
cal, triangular, and polygonal shapes are within the 
teaching of this invention. To form the rectangular 
blanks 61, microHnachining, etching or non-focused 
beam milling is performed in such a manner as to define 45 
the perimeter of the rectangular blank 61. The taper 
angle 62 of the cutting edge 63 of the rough blank 61 
typically is between about 30 and about 60 degrees, 
preferably about 36.8 degrees as shown in FIG. 5b. The 
rectangular blank 61 is then milled with a focused ton so 
beam to create an atomically sharp cutting edge at 63. 
The individual cutting edge blanks 60 can be, e.g., 
halved 69 fnom the rectangular blanks 61 . As an exam- 
ple, in Figuie 5a^ a rectangular blank 61 is halved 6&tQ 
produce a pair ctf cutting edged blanks eo wittt three ss 
alombally sharp cutting edgeses. Tbecutling edgecan 
be provided in any shape. A support substrate, e.g., of 
metal plastic, glass, etc., is then laminated to the cutting 



edged blank 60 to provide structural support, strength, 
and shatter resistance. 

[0042] In another embodiment (FIG. 3a), a plurality 
of blade cutting edge blanks 30 are fabricated from 
wafers 36 of, e.g., silicon, ceramfc, glass, AI2O3, ALTiN, 
TiN, SiC, SiN, M0S2, amorphous cart>on, diamond-like 
carbon, zircon, and similar such hard material, prefera- 
bly materials that are readily available in the fonn of 
wafers from the semiconductor industry. Preferably, the 
wafer 36 thickness is between about 1 00 yjn and about 
1000 nm. More preferably, at least one side 38 of the 
wafer 35 is polished to an atomic finish, whrch feature is 
also common In the semiconductor industry. 
[0043] Initially, a wafer-dicing saw 32 is used on the 
wafer 35 to provide a rough geometry for the cutting 
edge blank 30. Indeed, the object of the dicing operation 
is to form, or create, a series of elongated cutting edge 
blanks 30, e.g., triangular prism shaped components, 
across the surface of the wafer 35. Before dicing, the 
w^fer 35 is mounted securely in a fixture and, then, a 
cutting saw 32 systematically produces a plurality of 
blanks 30. The cutting saw 32 is equipped with a spe- 
cially prepared blade 39 (e.g., diamond, silfcon carbide, 
or the like) with a cutting face of about 1 00 jim. The spe- 
cially prepared blade 39 of the cutting saw 32 is capable 
of forming precision cut bevels in the wafer 35 wherein 
the peaks being fonned have an included angle ranging 
preferably from about 10 to about 90 degrees; however, 
the cutting media of the saw 32 is selected so that it 
does not produce chips greater than 0.3 jim in dimen- 
sion. 

[0044] After the sawed wafer 35 is cut into cutting 
edge blanks 30. it is cleaned, e.g. by ultrasonic clean- 
ing, plasma, high-pressure de-ionized water, and the 
like, to remove all debris and cutting solvent that may 
have contaminated the surface. The cutting edge blanks 
30, then arft iQededimaa vacuum ctianiber of ^f^^ ..^ 
iim beam mat Th e c X^ M tx^sr:^s&imastesttotm 
pressure of about 10'^ Tbrr. Then a focused ton b^rr 
40 Is directed along at least one side 31 , 33 toward the 
apex 34 of the blade blank 30 (FIG. 3B). 
[0045] Cutting edge blanks can also be made by 
chemical etching techniques, which are welt known to 
those skilled in the art For example, a silicon wafer is 
provided with a photoresist mask, which is resistant to 
the etching solutfon being used. The mask consists of 
longitudinal strips of resist located at the position of top 
blade edge of the cutting edge blank, i.e., the apex of 
the cutting edge blank having a height perpendicular to 
the plane of the wafer. For an etching depth in the wafer 
of 150 microns, it is necessary to provide at least a one 
rrttcron wide strip of resist along the top blade edge to 
prevent under etohing and damage to the edge struc* 
ture. The fina* edge is shaped by the FIB. 
[OMi^ Dependmg on the ctetrod final use and/or :^ 
the ultimate radius of curvature, i.e., edge sharpness,:^ 
the focus ion beam 40 can be directed at the blade 
blank 30 from in front of the leading edge 50 or from 
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behind the leading edge 50 (FIG. 3B). Ultimate sharp- 
ness is created when the focused ton beann source 45 
preferably is applied to the cutting edge 50 from behind 
the leading edge of the cutting edge blank 30. Sharp- 
ened edges having included angles of from about 10 to 
about 70"* are preferred. Thus, FIB angles of from about 
5 to about Ity typically are used. 
[0047] Preferably, an edge having polished side 38 
adjacent thereto Is used and the FIB is directed from an 
opposite side 31 to provide the atomically sharpened 
single bevel edge. 

[0048] Once the desired atomically sharp edge 50 
has been produced on the cutting edge blank 30, the 
base of the cutting edge blank 30 (opposite the sharp- 
ened edge, e.g., side 33) is fixedly attached to a support 
substrate (e.g., see FIG. 7), that is made, e.g., of metal, 
plastic, glass, ceramic or the like by means of, e.g., sol- 
der, epoxy, brazing, staking, crimping, adhesives, fric- 
tion fitting or eutectk; bonding. The support substrate 
facilitates ultimately attaching the mounted, atomically 
sharp cutting edge blank 30 to any desired cutting 
instrument or tool body. It also is possible to practice this 
invention by attaching the sharpened blade blank 30 
directly to the cutting instrument or tool body. 
[0049] For a double beveled cutting edge, the FIB is 
directed from both sides of the cutting edge. 
[0050] Using the focused ion beam mechanism in 
the transverse, high current mode, it is possible to sculpt 
various edge geometries by a process refen-ed to as 
"beam shaping". The focused Ion beam for "beam shap- 
ing' has a preferred beam diameter of at least at>out 10 
nm. 

[0051] FIGs. 4A-4E illustrate the edges of prior art 
blades mechanically sharpened and honed to provide 
extreme sharpness for microsurgk^l instruments. FIG. 
4A shows a typical defect in the sharpened edge. FIGs. 
4B-4E show tyiincal rollover of metal at the sharpened 
edge and microscopic debris left by tfie mechanical 
sharpening and honing processes. 
[0052] FIG. 6 graphically demonstrates the dra- 
matic improvement in sharpness resulting from focused 
ion beam milling. FIG. 6 depicts two areas on a blade 
edge. The first area 52 has been sharpened with con- 
ventional abraded grinding and honing of the edge. It 
has microscopic debris around the sharpened edge and 
the edge, itself, shows rollovers. The second area 54 
has been milled with a focused ion beam 40 in accord 
with the present invention. Note the surprisingly clean 
surfaces around the sharpened edge and the clean 
atomteally sharp edge. 

[0053] The Invention has been described in detail 
including preferred embodiments. However, it is appre- 
ciated that, upon consideratk>n of this disclosure of the 
spectficatk>n and the drawings, those skilled in the art 
may make changes^ adcfitions arrd/or improvements 
within the spirit and soope of themventton. 
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An atomically sharp cutting blade for a cutting 
instrument, said blade comprising: 

a cutting edge blank made of a metal material, 
said blank having a major surface and a 
tapered edge at one end of the major surface, 
a layer of a second material deposited on a 
portion of said major surface on at least one 
side of cutting edge blank at said tapered edge, 
said second material being harder than the 
metal, 

wherein the layer is milled at an acute angle to 
a plane parallel to said major surface by a 
focused ion beam that to provides said blank 
with a continuous, atomteally sharp cutting 



20 2. The atomically sharp cutting blade as set forth in 
claim 1, further comprising a support substrate to 
which the metal blank is attached. 

3. The atomically sharp cutting blade as set forth in 
daim 1 or 2. wherein the layer of second material Is 
from about 1 00 to about 500 A thick and/or the 
coating layer is at least about 200 A thick. 

4. The atomically sharp cutting blade as set forth in 
one of claims 1 to 3, wherein the second material 
comprises a material selected from a group con- 
sisting of silicon, ceramic, glass, AI2O3, AITiN, TiN, 
SiC, SiN, M0S2, amorphous cart>on, diamond-like 
carbon and zirxx>n. 

5. An atomically sharp cutting blade for a cutting 
ffistrument^ saicLfc^lacle. compnslag: 

a blade biank having a m^r surfacse and an 
edge at one end thereof, 
wherein the edge is milled at an acute angle to 
a plane parallel to said major surface by a 
focused ion beam to provide said blank with a 
continuous, atomically sharp cutting edge. 

6. The atomically sharp cutting blade as set forth in 
claim 5, wherein the blade blank is made from a 
wafer comprising a material selected from a group 
consisting of silicon, ceramic, glass, AI2O3, AITiN, 
TiN, StC, SIN, M0S2. amorphous carbon, diamond- 
like carbon and zircon. 

7. The atomically sharp cutting triade as set forth in 
claim 5 or 6, wlierein the cutting e<^ of the blade 
blank has a Made ec^ of less thai about 1 micnon 
before sharpening. 



8. The atomically sharp cutting blade as set forth in 
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one of claims 1 to 7, wherein the cutting instrument 
further comprises a support suiastrate for attaching 
thereto said blade blank with a continuous, atomi- 
cally sharp cutting edge, wherein the support sub- 
strate is preferabiy selected from a group 
comprising metal, plastic, glass, or ceramic. 

The atomically sharp cutting blade as set forth in 
one of claims 1 to 8. wherein the cutting edge has a 
radius of curvature that is less than is about 300 A. 
preferably less than about 100 A and further prefer- 
ably less than about 1 0 A. 



10. The atomically sharp cutting blade as set forth In 
one of claims 1 to 9, wherein the cutting edge has a 
single beveled edge or a double-beveled edge. 

11. A method for making an atomically sharp cutting 
edge for a cutting instrument, said method compris- 
ing: 

providing a blank made of a metal material and 
having a major surface and a tapered edge at 
one end of the major surface; 
depositing on a portion of the major surface at 
the tapered edge a continuous layer of a sec- 
ond material that is harder than the metal; and 
milling the layer of the second material with a 
focussed ion beam to fomri an atomically sharp 
cutting edge. 

12. A method as set forth in claim 1 1 , wherein the layer 
of second material is deposited in a thickness from 
about 100 to about 500 A, preferably in a thickness 
at least about 200 A. 

13. Amethod as set forth » claim 11 or 12, wherein the 
second material is selected from a group consisting 
of siikjon, ceramic^ gfsess, Al^Og, AfTiN, TiN. SiC, 
SiN, MoSg, amorphous caribon, diamond-like car- 
bon and zircon. 

14. A method for making an atomically sharp cutting 
edge for a cutting instrument, said method compris- 
ing: 

providing a blade blank having a major surface 
and an edge at one end thereof, 
milling said edge at an acute angle to a plane 
parallel to said major surface using a focused 
ion beam to provide said blank with a continu- 
ous, atomicalty sharp cutting edge. 



1 5. A nrrethoctas s^^rth In claim 14, whemin the blank 
is a wafer compriang a malerlat sao^^^ from a 
group consisting of sificon, ceramic, glass, AI2O3, 
ATTIN, TiN, SiC, SiN, MoSg, amorphous carbon, 
diamond-like carbon and zircon and/or wherein the 
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blank is formed with a thickness of from about 100 
Jim to about 1 000 jim. 

16. A method as set forth in one of claims 11 to 15, 
wherein the cutting edge is formed with a radius of 
curvature that is less than about 300 A, preferably 
less than about 100 A, further preferably less than 
about 10 A. 

17. A method as set forth in one of claims 11 to 16, 
wherein the cutting edge is formed with a single 
beveled edge or a double-beveled edge. 

18. A method for producing an atomically sharp cutting 
edge for a cutting instrument, said method compris- 
ing the steps of: 

providing a wafer of a material suitable for foon- 
ing a cutting edge; 

cutting the wafer to produce at least one blade 
blank having a triangular shaped cross section, 
said blade blank having a plurality of edges; 
positioning the blade blank in a vacuum cham- 
ber; 

exhausting the vacuum chamber to a desired 
pressure; and 

milling an edge of the blade blank with a 
focused ion beam to provide an atomk^ally 
sharp cutting edge on the blade blank. 

19. A method as set forth in claim 18, further compris- 
ing attaching the atomically sharpen blade blank to 
a cutting instrument substrate and/or wherein the 
wafer comprises a material selected from a graup 
consisting of silicon, ceramic, glass, AI2O3, AITiN. 
TIN, SiC, SiN, M0S2, amorphous carbon, diamond- 
like carison andziicoci and^or wheceiii the waler is 
fonmexldbcRit toatGtatiouKtcmcnicsqnsihfcd^^ 



^ 20. A method as set forth in claim 18 or 19, comprfeing 
cutting the wafer an angle to the surface of the 
wafer ranging between about 5 and about 70 
degrees and/or comprising providing the wafer with 
at least one atomically polished surfece and/or 

45 compri^ng providing the focus ion beam with a 
diameter of 5 nm or comprising providing the focus 
ion beam with a diameter of 1 0 nm. 
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21- A method as set forth in one of claims 1 8 to 20, 
wherein the cutting edge is formed with a single 
beveled edge or a double-beveled edge. 
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FIG.4E 
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